Objectives Contemporary data are lacking with respect to the incidence rates of, factors associated with, and impact of cardiac arrest from ventricular fibrillation or tachycardia (VF-CA) on hospital survival in patients admitted with an acute coronary syndrome (ACS). The objectives of this multinational study were to characterize trends in the magnitude of in-hospital VF-CA complicating an ACS and to describe its impact over time on hospital prognosis.
Methods In 59 161 patients enrolled in the Global Registry of Acute Coronary Events Study between 2000 and 2007, we determined the incidence, prognosis, and factors associated with VF-CA.
Results Overall, 3618 patients (6.2%) developed VF-CA during their hospitalization for an ACS. Incidence rates of VF-CA declined over time. Patients who experienced VF-CA were on average older and had a greater burden of cardiovascular disease, yet were less likely to receive evidence-based cardiac therapies than patients in whom VF-CA did not occur. Hospital death rates were 55.3% and 1.5% in patients with and without VF-CA, respectively. There was a greater than 50% decline in the hospital death rates associated with VF-CA during the years under study. Patients with a VF-CA occurring after 48 h were at especially high risk for dying during hospitalization (82.8%).
Conclusion Despite reductions in the magnitude of, and short-term mortality from, VF-CA, VF-CA continues to exert an adverse effect on survival among patients hospitalized with an ACS. Opportunities exist to improve the identification and treatment of ACS patients at risk for VF-CA to reduce the incidence of, and mortality from, this serious arrhythmic disturbance. 
Introduction
Cardiac arrest from ventricular fibrillation (VF-CA) is the leading cause of death in patients with coronary artery disease, and 450 000 deaths have been attributed to this arrhythmic disturbance annually in the United States [1] . Despite marked improvements in the monitoring and treatment of patients hospitalized with an acute coronary syndrome (ACS), this patient population remains at especially high risk for the development of serious ventricular arrhythmias and VF-CA [2] [3] [4] [5] . Although the characteristics and treatment of patients hospitalized with an ACS have changed markedly during recent decades [2] , contemporary data describing recent trends in the magnitude and impact of VF-CA in the setting of an ACS are lacking. Data are also needed with respect to factors associated with the development of VF-CA and impact of the timing of VF-CA on hospital survival [3] . Data from the Global Registry of Acute Coronary Events (GRACE) study were utilized to describe these and additional endpoints in a large multinational sample of patients hospitalized with an ACS between 2000 and 2007 [4, 5] .
Methods
Details of the GRACE project and its data collection methods have been previously described [4, 6, 7] . In brief, this large multinational observational study was designed to reflect a representative patient population with ACS, irrespective of geographic region. A total of 113 hospitals located in 14 countries in North and South America, Europe, Australia, and New Zealand contributed data to this study.
Adult patients (> 18 years old) admitted with a presumptive diagnosis of ACS at participating hospitals were potentially eligible for study inclusion. Eligibility criteria included a clinical history of ACS accompanied by at least one of the following: electrocardiographic changes consistent with ACS, serial increases in biochemical markers of cardiac necrosis (CK-MB, creatine phosphokinase, or troponin), and documented coronary artery disease. Patients with noncardiovascular causes for their clinical presentation were excluded. Where required, study investigators received approval from their local hospital ethics or institutional review boards for the conduct of this study.
Patients were identified through the use of active and passive disease surveillances at participating study sites. Patient medical records were reviewed for pertinent information in a retrospective manner by trained study coordinators using standardized case report forms. Demographic characteristics, medical history, presenting symptoms, biochemical and electrocardiographic findings, treatment practices, and hospital outcome data were collected. Standardized definitions of all patient-related variables, clinical diagnoses, and hospital complications and outcomes were used. A GRACE risk score was calculated based on an eight-variable model previously developed and validated [6, 8, 9] .
All ACS cases were assigned to one of the following categories using standardized definitions: ST-segment elevation myocardial infarction (STEMI), non-ST-segment elevation myocardial infarction, or unstable angina [10, 11] . The STEMI category included patients with at least one positive cardiac biochemical marker of necrosis (including troponin measurements) and new or presumed new STsegment elevation of 1 mm or more seen in any location, or new left bundle branch block on the index or subsequent ECG. Patients were considered to have a non-ST-segment elevation myocardial infarction if they had at least one positive cardiac biochemical marker of necrosis without new ST-segment elevation seen on the index or subsequent ECG. Unstable angina was considered to be present when serum biochemical markers indicative of myocardial necrosis were within the normal range. Complete definitions of these variables and other factors can be found on the GRACE website at www.outcomes.org/grace. CA from VF or tachycardia was defined as any episode of ventricular tachycardia or VF requiring resuscitation (external cardiac massage or direct current cardioversion or both). Early VF-CA was defined as that occurring on presentation or within the first 48 h of hospitalization, whereas late VF-CA occurred after this time; these cutpoints have been previously utilized in the published literature [3] . Patients with more than one episode of VF-CA were categorized on the basis of their initial episode.
Data analysis
Differences in the characteristics and hospital outcomes of patients who developed VF-CA compared with those who did not were compared using w 2 -tests or Fisher's exact test of statistical significance for discrete variables. Continuous variables were analyzed using t-tests and the Wilcoxon rank-sum test. Differences in the characteristics and hospital outcomes of patients who developed early VF-CA compared with those who developed this arrhythmia after 48 h of hospitalization were compared in a similar manner.
Variables considered for inclusion in our regression models were baseline demographic characteristics (age, sex), medical history (angina, myocardial infarction, heart failure, percutaneous coronary intervention, coronary artery bypass graft surgery, diabetes, hypertension, and hyperlipidemia), and hospital presentation characteristics (blood pressure, pulse, Killip class, ST-segment deviation, initial cardiac markers, initial serum creatinine). Our hospital endpoints included adverse cardiac events, including recurrent ischemic/anginal symptoms, heart failure, noncardiac adverse events (renal failure, stroke, major bleeding), and survival status at the time of hospital discharge.
Results
A total of 59 261 patients were enrolled in this Coronary Disease Registry between 2000 and 2007 and constituted the sample of this study. The mean age of study participants was 65.7 years, 67.3% were men, 29.9% had a history of prior myocardial infarction, and 36.7% presented with a STEMI.
Incidence rates of cardiac arrest
Between 2000 and 2007, a total of 3618 patients (6.2%) developed VF-CA during their index hospitalization for an ACS. The incidence rates of VF-CA declined during the years under study, albeit in an inconsistent manner ( Fig. 1 ). The greatest decline in VF-CA occurred between 2000 (6.8%) and 2002 (5.7%). Incidence rate (%)
Trends in the incidence rates of cardiac arrest (Global Registry of Acute Coronary Events).
Baseline characteristics of study sample
Patients who developed VF-CA were on average older and were more likely to have higher average GRACE risk and Killip class scores, a higher maximum troponin level, a lower ejection fraction, a longer hospital stay, a history of heart failure, and presented with a STEMI at the time of hospital admission in comparison with patients who did not develop VF-CA during their acute hospitalization (Table 1) .
On the other hand, ACS patients who did not develop VF-CA had a higher body mass index, higher blood pressure, and lower initial heart rate on presentation, and were more likely to have a history of smoking, hypertension, dyslipidemia, or prior coronary artery disease than ACS patients who experienced a VF-CA. Patients in whom VF-CA did not occur were also more likely to have previously undergone a percutaneous coronary intervention and coronary artery bypass graft surgery. The proportion of patients with implantable cardioverterdefibrillators did not differ between the respective comparison groups.
Outpatient and hospital treatment practices
Patients who experienced a VF-CA were significantly less likely to report outpatient use of aspirin, b-blockers, statins, and angiotensin converting enzyme (ACE) inhibitors than those who did not experience a VF-CA (Table 2) . Patients who developed VF-CA during hospitalization were slightly more likely to be prescribed amiodarone as an outpatient than were patients who did not develop this ventricular arrhythmia.
Patients with VF-CA were also less likely to have received evidence-based cardiac treatments during their hospitalization, including aspirin, b-blockers, statins, and ACE inhibitors than patients without this arrhythmic complication ( Table 2 ). Utilization of percutaneous coronary intervention did not differ between our two primary comparison groups whereas the in-hospital prescription of thrombolytics, amiodarone, and inotropes was more common among patients with VF-CA. Patients with VF-CA were more likely to have undergone coronary artery bypass surgery and intra-aortic balloon pump placement during their hospital stay as compared with those who did not develop VF-CA.
Hospital complications
Patients who experienced a VF-CA were more likely to have developed recurrent cardiac ischemia, cardiogenic shock, atrial fibrillation/flutter, heart failure, renal failure, stroke, and major bleeding during their hospitalization than patients who did not develop this arrhythmic complication (Table 3) . A multiple logistic regression analysis was carried out to examine the association of VF-CA with each of these in-hospital complications while controlling for a variety of factors known to affect the development of these endpoints in patients hospitalized with an ACS. The odds of developing recurrent cardiac ischemia, cardiogenic shock, heart failure, stroke, renal failure, and major bleeding remained substantially higher among patients with VF-CA after adjustment for several potentially confounding factors (Table 3 ).
In-hospital mortality
As expected, the in-hospital case-fatality rate (55.3%) and multivariable adjusted odds of dying during hospitaliza-tion for an ACS were markedly higher among patients with an ACS complicated by VF-CA than it was among patients who did not develop VF-CA (odds ratio: 75.5, 95% confidence interval: 66.2-86.0). Death rates among patients with in-hospital VF-CA were significantly higher than would have been expected (8.4%) on the basis of their GRACE risk score (175), whereas in-hospital death rates among participants without VF-CA (1.5%) were similar to those predicted on the basis of their GRACE risk score (1.9%, 130) . During the period that in-hospital survival improved only slightly among patients without VF-CA, in-hospital survival improved markedly among patients with VF-CA (from 39.2% in 2000 to 58.9% in 2007, P for trend was less than 0.001, Fig. 2 ) [8] .
Impact of timing of cardiac arrest on hospital prognosis
To explore the impact of timing of VF-CA on short-term prognosis, a separate analysis was carried out using data from 2167 patients for whom timing of VF-CA was recorded (60% of patients with VF-CA, Table 4 ). Patients with late VF-CA (n = 527) were on average older and more likely to have a history of cardiovascular disease and its risk factors than patients who suffered a VF-CA early during their hospitalization (n = 1640). On the other hand, patients with late VF-CA were less likely to currently smoke cigarettes and had a slightly lower average GRACE risk score as well as body mass index.
Patients with late VF-CA experienced, on average, a longer hospital stay and were more likely to have developed clinically significant in-hospital complications including recurrent angina, myocardial infarction, heart failure, cardiogenic shock, atrial fibrillation, renal failure, and major bleeding episodes than patients who developed VF-CA early during their acute hospital admission ( Table 5) . A significantly greater proportion of patients with late VF-CA died during hospitalization compared with patients who experienced VF-CA during the first 48 h of hospitalization (83 vs. 39%, P < 0.001).
Discussion
The results of this large, multinational study demonstrate that VF-CA is an infrequent, but often fatal, complication of an ACS. The incidence of, and mortality from, VF-CA declined over the period under study, likely due to increased monitoring and better treatment of patients with an ACS as well as VF-CA. Opportunities exist, however, for the enhanced prevention of VF-CA and its complications.
Incidence of cardiac arrest
Over a relatively recent study period, VF-CA developed in approximately one in every 14 patients hospitalized with an ACS in our Multinational Coronary Disease Registry. The incidence rates of VF-CA observed in our study were significantly lower than those reported in a communitybased study of individuals hospitalized with acute myocardial infarction (AMI) between 1975 and 1984, in which 21% of patients developed VF-CA [9] . Reasons for the differences between our study and this prior study may include the more contemporary nature of this investigation, higher utilization of chronic and in-hospital therapies known to reduce the odds of VF-CA, a greater proportion of patients with early VF-CA, and inclusion of patients with less severe forms of ACS in our study. This hypothesis is supported by the fact that a more recent analysis examining the incidence rates of VF in this population of central Massachusetts residents hospitalized with AMI reported declining rates of VF between 1995 and 2005, reaching levels (4.2%) more consistent with our observations (6.2%) and those of the National Registry of Myocardial Infarction-2 (4.8%) [9, [12] [13] [14] .
Consistent with the published literature, clinical characteristics associated with poorer baseline cardiovascular health, larger infarct size, and worse disease-specific clinical status were associated with the development of VF-CA in this investigation [13] . Interestingly, however, a history of several traditional cardiovascular risk factors, including hypertension, smoking, diabetes, and dyslipidemia, was not associated with an increased risk for VF-CA. These findings suggest that ACS severity places patients at a higher risk for developing VF-CA, irrespective of the presence of established cardiovascular risk factors.
Outpatient and hospital treatment practices
Outpatient and in-hospital use of effective cardiac medications known to reduce the risk of ventricular arrhythmias and improve prognosis from ACS, including aspirin, statins, ACE inhibitors, and b-blockers, were less frequently utilized in ACS patients with VF-CA in comparison with patients who did not develop VF-CA. Use of thrombolytic medications was higher in the VF-CA group, perhaps due to the fact that these agents are often administered as part of advanced cardiac life support efforts [15] . Chronic use of amiodarone was paradoxically higher among patients who experienced VF-CA compared with patients who did not experience VF-CA. Use of amiodarone to suppress nonsustained ventricular arrhythmias, or use of amiodarone to maintain sinus rhythm among patients with atrial fibrillation, a disease associated with a poor prognosis after an ACS, may partially explain this observation [16] .
Caution in interpreting our findings is warranted, however, as the underutilization of evidence-based therapies among hospitalized patients with VF-CA may have been partially due to the fact that patients with VF-CA were hemodynamically unstable or had experienced complications that serve as contraindications to ACS treatments. In-hospital contraindications, however, neither explain outpatient prescription patterns nor do they discount the fact that an opportunity exists for enhanced primary prevention of VF-CA through application of evidence-based ACS treatments, such as bblockers, among patients hospitalized with an ACS based on the results of our large descriptive study.
Hospital complications
Patients who experienced a VF-CA during hospitalization for an ACS were at an increased risk not only for developing recurrent cardiac ischemia, cardiogenic shock, and heart failure during their index hospitalization, but also for developing renal failure and major bleeding episodes. Both major bleeding and renal dysfunction complicating AMI have been associated with increased mortality, perhaps through the observed association with malignant ventricular arrhythmias and VF-CA [17, 18] . These findings, as well as those from other studies, suggest that close attention should be directed to monitoring for, and appropriately treating, kidney injury, electrolyte abnormalities, and anemia in addition to traditional hemodynamic perturbations (e.g. tachycardia and hypotension) in hospitalized patients with an ACS.
The incidence rates of VF-CA declined in our hospitalized patient population between 2000 and 2007, concomitant with the greater and timelier application of effective ACS treatments in this population [19] [20] [21] [22] . Although our study design precludes an assumption of causality, early intervention with evidence-based cardiac medications and coronary revascularization in patients with myocardial injury has been shown to limit infarct size and reduce the risk of ventricular arrhythmias [23] ; in as much, the increased use of these therapies may have exerted a beneficial effect on the occurrence of VF-CA in our study population over time [20] [21] [22] [23] [24] . In addition, increased cardiac monitoring and prophylactic treatment of ventricular arrhythmias with antiarrhythmic medications may have reduced the incidence rates of VF-CA observed in this study [25, 26] .
Hospital mortality in patients with cardiac arrest
Previously reported in-hospital case-fatality rates for VF-CA complicating ACS vary widely, ranging from 24 to 78% [9, [12] [13] [14] 27] . The observed case-fatality rate among hospitalized patients with VF-CA complicating ACS in our study (55%) is slightly higher than that previously reported in a large clinical investigation that included nearly 41 000 patients who were treated with thrombolytic therapy [26] . Use of more restrictive inclusion criteria in the context of a randomized controlled trial, as well as varying case definitions, partially accounted for differences in these findings, a theory supported by the fact that the hospital mortality rates observed in our study are much lower than those reported in two observational studies involving patients with AMI (78 and 71%) [9, 13] .
Although in-hospital death rates remained significantly elevated in patients experiencing VF-CA during the most recent years under study, improvements in hospital survival among patients with VF-CA were observed between 2000 and 2007. Our observation that mortality rates declined by 51% during this period is notable in light of a 50% decline in death rates reported between 1993 and 2005 in a separate study of patients with VF complicating their hospitalization for AMI [14] . The findings of this study likely reflect the enhanced treatment of patients hospitalized with an ACS as well as improved, and timelier, treatment of VF-CA over time in our cohort [22, 28] .
Impact of timing of cardiac arrest on short-term prognosis
Consistent with an emerging literature, VF-CA occurring within 48 h of hospitalization for an ACS was associated with a more favorable prognosis than VF-CA occurring later during hospitalization, despite adjustment for potential confounders of prognostic importance [3, 13, 27, 29] . As patients with early and late VF-CA differed with respect to a number of factors known to affect in-hospital survival, we hypothesize that the etiology of, and prognosis after, VF-CA may differ between these groups. Our findings suggest that whereas transitory electrical instability due to myocardial ischemia, coronary reperfusion, electrolyte abnormalities, neurohormonal activation, and sympathetic nervous system upregulation may play a large role in the development of early VF-CA, extension of myocardial injury, ventricular scar formation, generation of sustained and refractory ventricular arrhythmias, sustained hemodynamic instability, and acute kidney injury may contribute to a larger extent in the development and impact of late VF-CA, thus placing patients with late VF-CA at a greater risk for dying [30] [31] [32] [33] [34] [35] [36] . CA occurring later during a patient's hospital stay may also reflect a failure of hemodynamic stabilization and/or coronary reperfusion, socalled 'secondary' CA. This hypothesis is supported by the very high mortality rate among patients with late VF-CA (83%). These results suggest that clinicians should continue their current aggressive coronary revascularization efforts in patients with an ACS in an effort to limit infarct extension and prevent pump failure, as well as be diligent in monitoring and treating patients who develop VF-CA at a later time during their hospitalization for an ACS.
Study strengths and limitations
The strengths of this study include its multinational design, large sample of patients hospitalized with independently validated ACS, and its relatively contemporary and changing perspective into the clinical epidemiology of ACS and VF-CA. As a nonrandomized observational study, however, GRACE is subject to inherent limitations, including missing or incomplete information, and potential confounding by drug indication or other unmeasured covariates. Patients who died before reaching participating study hospitals were excluded; left ventricular ejection fraction was measured in less than one-half of study patients; data on nonsustained ventricular tachycardia were not collected; use of antiarrhythmic drugs, such as lidocaine, was not recorded; and timing of VF-CA development in relation to the receipt of coronary reperfusion or other cardiac therapies was not collected.
Conclusion
In this large multinational study, we have demonstrated that VF-CA is a relatively uncommon but frequently fatal complication in patients hospitalized with an ACS. Encouragingly, we observed declining incidence and case-fatality rates of VF-CA in our patient population, likely reflecting enhanced monitoring and treatment efforts over a recent 8-year period. Nevertheless, VF-CA remains associated with renal, cardiovascular, and hematologic complications as well as reduced in-hospital survival. Continued primary and secondary prevention efforts remain warranted in all patients hospitalized with an ACS, particularly in several high-risk groups that were identified in this investigation.
